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Water’’A comment by Glaeser (1) raises two questions about our
recent article (2) that reports comparable effects of electron
beam dose for 98 K ice and 293 K water on the resolution of
the acrosome Fourier transform. First, contrary to our claim
of imaging protein in water, Professor Glaeser suggests that
in Fig. 1, B and F, and Fig. S1 C in the Supporting Material,
our proteins (2) have dried, resulting in sample being
embedded in buffer, salts, and nonvolatile solutes. Drying
explains why the low-resolution features are more resistant
to beam damage. Second, the commentary compares the
tolerable doses delivered to protein by an ionizing beam
and concludes that it is unlikely that enzymatic activity in
liquids can be imaged by transmission electron microscopy
(TEM).
Drying is a common artifact from the rupture of the
silicon nitride windows and one that is easily observable
in real-time. The most extreme drying artifact is the embed-
ding of the acrosome in nonvolatile solutes, as shown
below in examples where we know the samples are dried
(Fig. 1). Generally, we observe protein to be darker
than the surrounding solution. However, as described by
Professor Glaeser, the acrosome in Fig. S1 C in our article
(2) appears negatively stained. We agree that the acrosomes
in this figure have lower contrast giving rise to a negative
stainlike appearance but these acrosomes are not sur-
rounded by the same type of nonvolatile solutes that arise
when our samples dry. Concerning the acrosomes and
microtubules in Fig. 1, B and F, (2), one can speculate
that the samples have become partially dried in a way that
the buffer and salts did not precipitate. However, we typi-
cally see the samples become visibly distorted with rough
edges as they dry, especially if they are not supported by
the surrounding buffer salts.
A characteristic feature of acrosomes that we know to
have become dried is the absence of the 2.7-nm reflection
or other higher-resolution reflections. This is illustrated
when the acrosome comes into contact with a bubble
(Fig. 1). In this case, we can clearly detect a bubble from
the sharp change in the contrast between the bubble and
surrounding liquid as well as movement of the bubble.
The Fourier transform again shows clearly that low-resolu-
tion (~12 nm) features persist both in the area where a bubbleSubmitted March 26, 2012, and accepted for publication May 17, 2012.
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are absent.
The second point concerned that the persistence of the
low-resolution reflection in Fig. S6 arises from a negative-
stain drying artifact that is known to lead to radiation insen-
sitivity. We point out that Fig. 2 and Fig. S6 in Ref. (2) plot
the same data differently. Fig. 2 compares the fall-off in
intensities of the 2.7–5.0 nm versus the >5.0-nm resolution
shell (defined in Fig. 1 E) while Fig. S2 compares two
specific diffraction spots at 4.3 nm and 5.5 nm. The intensity
of the low-resolution shell (Fig. 2) continues to decay with
electron dose. In contrast, the ~5.5-nm spot appears to
persist over the same interval. Fig. 2 is more representative
of the fall-off in intensity at low resolution because it
contains all the measurable low-resolution diffraction spots.
Professor Glaeser points out that in future it would be
important to evaluate radiation damage and resolution
from the diffraction patterns of catalase. We agree that in
the future the radiation sensitivity of catalase and other
benchmark proteins should be characterized. However, to
study two-dimensional crystals of proteins, we will have
to modify the design of the liquid cell. The very narrow
gap between windows in the current design of flow in the
liquid cell hinders our ability of landing flat crystals on
~3  50-mm viewing window.
The ability to image protein dynamics in water in the
TEM is a speculation in our discussion and will require
further advances in detector, liquid-cell, and electron-
microscopy imaging technologies. Glaeser points out that
the radiation energy delivered to proteins during the first
few frames is comparable or exceeds the tolerable dose of
enzymatic inactivation of ~100 Mrad. Also, more relevant,
the room-temperature study of dry catalase inactivation
found the tolerable threshold dose of 100 keV electrons
to be ~0.04 e/A˚2 (3) Therefore, our imaging conditions
(~5 e/A˚2 per frame) might not allow us to directly visualize
enzyme action. However, a recent report shows that in
other forms of protein dynamics, binding of his-tagged
ribosomes to windows modified with Ni-NTA lipids are
not compromised by samples imaged by transmission
electron microscope (Tecnai T12; FEI, Hillsboro, OR)
with 120 keV electrons (4). In addition, protein in water
has been imaged in a STEM mode with 200 keV electrons
at dose of ~150 e/A˚2 (5) in liquid and by phase contrast
TEM (6). These new observations by other groups showdoi: 10.1016/j.bpj.2012.05.043
FIGURE 1 (A) Three dried acrosomal bundles in the liquid cell are
covered by nonvolatile solutes. The Fourier transform of two regions of
one bundle clearly shows the absence of the 2.7-nm meridional reflection
but the presence of the low-resolution (~12 nm) reflections. (B) Micrograph
of three bundles in the presence of three radiation-induced bubbles. Fourier
transform of the bundle submerged in the liquid (blue box) and exposed to
a bubble (orange box) show similar low-resolution reflections. Again, the
higher-resolution features are absent.
166 Comments to the Editorthat it is possible to image certain proteins in liquid by elec-
tron microscopy. Whether this occurs before the onset of
radiation-induced inactivation remains to be studied.
A specific detail of the methods for preparing frozen
hydrated samples was missing and now included here.Biophysical Journal 103(1) 165–166Both acrosome specimens (98 K and 293 K) were diluted
(1:5) from their buffer solution with water as described in
Methods in the Supporting Material (2). Whereas the
room temperature samples were loaded directly into liquid
cells, the samples for cryo-imaging were applied to the
grid (Quantifoil, Jena, Germany), rendered hydrophilic by
glow discharge, then blotted and plunge-frozen. Next, this
grid is loaded into a cryo-holder, and imaged in the same
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